This study analyzes the impact of the decrease in crude oil imports on the Japanese economy. In Japan, the use of crude oil depends almost exclusively on imports. Thus, guaranteeing crude oil imports is an important issue.
Introduction
This study analyzes the impact of the decrease in crude oil imports on the Japanese economy using the GTAP and GTAP-E models. In Japan, the use of crude oil depends almost exclusively on imports, and is used in two sectors: mainly as feedstock in the petroleum and coal products sector (94%), and as a factor of production in the electricity sector (6%). Considering that petroleum and coal products and electricity are used as factors of production in all Japanese industries, and because it will take time to change the structure of the industrial use of energy goods, guaranteeing crude oil imports is an important issue in Japan. This study analyzes the impact of the decrease in crude oil imports by considering two features of crude oil, namely as a factor of production and as feedstock, using the GTAP and GTAP-E models, respectively. Section 2 analyzes data on the import and structure of energy goods used in Japanese industries. The data are taken from the GTAP 9 database. This data analysis determines the main characteristics of energy imports and the industrial use of energy goods in Japan.
Section 3 discusses the difference between the treatment of energy goods in the GTAP and GTAP-E models. In the GTAP model, energy goods are treated as intermediate inputs. This structure is suitable for analyzing crude oil imports when they are used as intermediate inputs (i.e., as feedstock) in which the chemical content is transformed to become part of the output commodity. In the GTAP-E model, which incorporates an energy substitution structure into the GTAP model, energy goods are taken from the intermediate input nest and placed into the value-added nest, forming capital-energy sub-production. Capital-energy sub-production is classified as energy sub-production, which includes electricity, coal, crude oil, gas, and petroleum and coal products. This structure of substitution between capital and energy goods and between energy goods themselves is suitable for the analysis of crude oil imports when they are used as factors of production. By clarifying the difference in the treatment of energy goods between the GTAP and GTAP-E models, Section 3 shows the merit of using both models to analyze the impact of the decrease in crude oil imports on the Japanese economy.
Section 4 addresses the methodology for analyzing the economic impact of the decrease in crude oil imports in Japan. In order to assign the exogenous values in the models, the basic closure is changed in the first simulation by setting "ams" (the import-augmenting technical change) as endogenous, and "qxs" (export sales) as exogenous. Here, we consider a scenario in which Japan's crude oil imports from the Middle East are reduced. In terms of setting the exogenous values, we assume that this reduction in crude oil imports from the Middle East is the result of a failure in transportation, and we consider the possibility of Japan increasing its crude oil supply from other regions. Considering these conditions, the exogenous values are set to -25%. By applying the exogenous values to "qxs," we obtain the rate of change in "ams." The second simulation uses the basic closure. Using the rates at which "ams" decreased (taken from the first simulation) as the exogenous values, we estimate the impact of a 25% decrease in Japanese crude oil imports from the Middle East.
Section 4 also provides a brief survey of GTAP Technical Paper No.7, which explains the capital accumulation effects in the GTAP and GTAP-E models.
Section 5 discusses the simulation results of the GTAP and GTAP-E models with regard to the decrease in crude oil imports from the Middle East to Japan using a static analysis. The simulation result for the percentage change in Japan's real GDP is -0.53% for the GTAP model and -0.59% for the GTAP-E model. Although the difference between the two results is relatively small, the simulation results by industry and by commodity, especially concerning energy goods, show different tendencies. The reason for the latter differences can be attributed to the difference in the production structures of these two models. When crude oil imports from the Middle East are reduced, Japan would import additional crude oil from other regions. However, the amount of this increase in the GTAP-E model is less than that in the GTAP model, because the GTAP-E model has a production structure in which crude oil can be substituted by other energy goods.
Section 6 describes the simulations of the GTAP and GTAP-E models following the same methodology and applying the same exogenous values as in Section 5, but now incorporating capital accumulation effects. Here, we find that the resulting impacts in both models increase. Section 7 concludes the paper. In general, the GTAP-E model is suitable for analyzing energy goods, given its production structure. However, when energy goods are used mainly as feedstock, the simulation using the GTAP model provides results that are more realistic. Because 94% of crude oil is used in petroleum and coal products in Japan, it would be better to use the GTAP model to analyze the impact of the decrease in crude oil imports on the Japanese economy, while referring to the results of the GTAP-E model, which treats energy goods as factors of production.
2. Analysis of data on the import and structure of crude oil in Japan 2.1 Japanese data from the GTAP 9 database on the import of crude oil Table 2 -1 shows the Japanese imports, at market prices, of energy goods (coal, oil, gas, and petroleum and coal products) taken from the GTAP 9 database. Table 2-2 shows the sources of Japanese imports of energy goods. The data in Table 2 -2 show that almost 89% of crude oil is imported from the Middle East, along with 23.6% of imported gas and 53.1% of imported petroleum and coal products. In total, 61.7% of energy goods are imported from the Middle East. The "Strategic Energy Plan (2014)" points out this Japanese dependence on a limited number of areas supplying energy resources, as well as the importance of increasing diversity in the procurement of energy resources.
The data taken from the UN Comtrade database show that, in Japan, 82.7% of crude oil was imported from the Middle East in 2012, followed by 83.1% in both 2013 and 2014. Thus, until recently, the Middle East has been the main supplier of crude oil to Japan. 2.2 Japanese data from the GTAP 9 database on the industrial use of crude oil Table 2 -3 shows the data on Japanese firms' domestic purchases, taken from the GTAP 9 database, illustrating that little domestic coal, crude oil, and gas are used in Japanese industries. shows that Japan depends significantly on crude oil imports. The values of imported petroleum and coal products are much less than those of domestic petroleum and coal products, which shows that they are produced mainly in Japan. Then, a comparison of Table 2 -3 and Table 2 -4 shows that electricity is produced exclusively in Japan. Petroleum and coal products and electricity are used primarily within the manufacturing and service sectors. Table 2 -5 shows the shares of Japanese firms' imports, calculated from the GTAP 9 database. With regard to crude oil, 94.1% is used in the petroleum and coal products sector, and 5.9% is used in electricity sector. This data analysis shows that the Japanese industrial use of primary energy goods depends almost completely on imports. Therefore, Japan is vulnerable to changes in the international energy situation.
To overcome this vulnerability, the Japanese third strategic energy plan, published in 2010, set as a major objective enhancing energy self-sufficiency.
However, after the Great East Japan Earthquake in 2011, Japan was again forced to make significant adjustments to its energy policy. The fourth strategic energy plan, published in April 2014, set four major objectives: energy security, economic efficiency, the environment, and safety. 3. Difference in the treatment of energy goods between the GTAP model and the GTAP-E model 3.1. Difference in the production structure between the GTAP model and the
GTAP-E model
In CGE model analyses in the energy and environment domains, the structures of the substitutions between capital and energy goods and between energy goods themselves are usually incorporated in the model. Such CGE models are often used in economic analyses of crises or disasters, in which lifeline disruptions or supply shortages of energy goods occur (e.g., see Rose and Guha (2004) , Guha (2005) , Rose and Liao (2005) , and Ishikura and Ishikawa (2011)). The decrease in crude oil imports, which would cause a supply shortage, could be considered a crisis.
The GTAP-E model, an extended energy-environment version of the GTAP model, was developed in 2002 to incorporate an energy substitution structure in the GTAP model. As Higashi-Shiraishi (2014) mentions, a comparison of the simulation results of these two models has the merit of indicating the effect of energy substitution.
Compared with the standard GTAP model, the structure of which is explained in Hertel (1997) , the main feature of the GTAP-E model is its production structure with energy substitution, namely, inter-fuel substitution and fuel-factor substitution. In the GTAP-E model, energy goods are taken from the intermediate input nest and placed in the value-added nest, forming capital-energy sub-production. Capital-energy sub-production is classified as follows: energy sub-production, which includes electricity and non-electricity energy goods;
non-electricity energy sub-production, which includes coal and non-coal energy goods; and non-coal energy sub-production, which includes crude oil, gas, and petroleum and coal products.
This structure of substitution between capital and energy goods and between the energy goods themselves is suitable for analyzing crude oil imports when they are used as factors of production, that is, when used in the electricity sector. In the GTAP model, energy goods are treated as intermediate inputs only. This would be suitable for analyzing crude oil imports when they are used as intermediate inputs (i.e., as feedstock), in which the chemical content is transformed to become part of the output commodity, as described in Burniaux and Truong (2002) . Burniaux and Truong (2002) note that among energy goods, coal, gas, and crude oil could be referred to as primary energy. These goods can be used as inputs for various industrial and household activities (e.g., natural gas, to provide the energy source for electricity production; and coal, as an energy source for steel making) and as "feedstock." As examples of energy goods used as feedstock, Burniaux and Truong (2002) include natural gas used as feedstock in fertilizer, crude oil used as feedstock in the petroleum refinery industry, and coke used as feedstock in steel production. In addition, Fujikawa (1999) states that coke used in steel production, and crude oil used in gasoline production are examples of energy goods that should be analyzed with fixed coefficients.
When energy goods are used as factors of production, as in the case of electricity, the effect of the substitution between capital and energy goods becomes important. This is illustrated in Higashi (2016) , who analyzes the effect of the electricity supply shortage in Japan caused by the Great East Japan Earthquake. On the other hand, when energy goods are used as feedstock, as in the case of crude oil used in petroleum and coal products, we should consider that its chemical content is mainly transformed to become part of the output commodity.
The production structure of the GTAP model is illustrated in Figure 3 -1, while Figure 3 -2 provides the GTAP-E production structure, and Figure 3 -3 shows the GTAP-E capital-energy composite structure. 3.2. Difference in the consumption structure between the GTAP model and the
Private household consumption is structured according to the constant difference of elasticities (CDE) functional form in the GTAP model. In the GTAP-E model, the main feature of private consumption is that commodities are divided into two groups: energy goods and non-energy goods. The energy commodities are aggregated into a single composite, which remains in the CDE structure and with the same CDE parameter values. To allow for flexible substitution between the individual energy commodities, the energy composite is specified as a CES sub-structure with a substitution elasticity value of 1.
Government consumption is assumed to be a Cobb-Douglas structure in the GTAP model, with a substitution elasticity value of 1 for all commodities. The main feature of government consumption in the GTAP-E model is that commodities are again divided into two groups: an energy-goods composite and a non-energy-goods composite, with a substitution elasticity value of 1 in both cases. At the top of the government consumption nest in the GTAP-E model, the substitution elasticity takes a value of 0.5.
The private consumption structure of the GTAP-E model is provided in Figure 3 This scenario considers that crude oil imports from the Middle East are reduced owing to some failure in transportation, and that there is a possibility of Japan increasing its crude oil supply from other regions. Considering these conditions, the exogenous values are set to -25%. To concentrate on the analysis of the impact in Japan, the exogenous values are applied only to Japanese crude oil imports from the Middle East. Japan also imports petroleum and coal products and gas from the Middle East, but here we focus on the decrease of imports of crude oil only.
By applying the exogenous values to "qxs" in the first simulation, we can obtain the rate of change in "ams." In the second simulation, which uses the basic closure, by using the rates at which "ams" decreased (taken from the first simulation) as the exogenous values, we can estimate the impact of a 25% decrease in Japanese crude oil imports from the Middle East on the Japanese economy.
With regard to the investment allocation in the simulation, two options are possible in the GTAP and GTAP-E models. When RORDELTA (the binary coefficient used to switch the mechanism of allocating investment funds) = 1, investment funds are allocated across regions to equate the changes in the expected rates of return.
When RORDELTA = 0, investment funds are allocated across regions to maintain the existing composition of capital stocks. Considering that the analysis period of this study is more medium or long term than it is short-term, we adopt the option that investment funds are allocated across regions to equate the changes in the expected rates of return (RORDELTA = 1).
Methodology for incorporating the capital accumulation effects
The GTAP and the GTAP-E models, which were originally developed for static analyses, do not analyze the dynamic process in which new investments use savings from the increase in income, or that in which an additional increase in income is achieved by the accumulated capital. However, they have the option to use an analysis that implements the effect of capital accumulation explained in GTAP Technical Paper No.7.
As shown in Figure 4 -1, when a change (in this case, positive) occurs, the production function YY and the savings function SS shift upward. In the short-term analysis, the capital used remains the same, and production increases to Y′.
However, in the long term, part of the income increase is directed to savings.
Capital stock increases to K″ by investment, and production increases to Y″. The analysis incorporating the capital accumulation effects tries to implement this movement of change in capital stock in the GTAP and GTAP-E models.
In this study, in which a decrease in income occurs, both the static analysis and the analysis incorporating the capital accumulation effects (with the fixed savings rate) are used. 
Aggregation of regions and sectors
Considering the structure of Japanese crude oil imports, the regional aggregation in this study is set to 15 regions, as shown in Section 5 discusses the simulation results of the GTAP and GTAP-E models, given a decrease in crude oil imports by 25% from the Middle East to Japan, based on a static analysis. Table 5-1 and Table 5 -2 show the simulation results of the macroeconomic changes, 3 in percentages and in million USD, respectively.
The simulation results for the percentage change in Japan's real GDP are -0.53% for the GTAP model and -0.59% for the GTAP-E model. The results of the percentage change in Japan's exports are +5.04% for the GTAP model and +4.43%
for the GTAP-E model. 4 Although the difference between these results for real GDP is relatively small, the simulation results by industry and by commodity, especially with regard to energy goods, show different tendencies, as described in the following sections.
The reason for the differences in the results by industry and by commodity could be attributed to the difference in the production structure of these two models.
When crude oil imports from the Middle East are reduced, Japan will increase its imports of crude oil from other regions. However, the amount of this increase in the GTAP-E model is less than that in the GTAP model. This is because the GTAP-E model has a production structure in which crude oil can be substituted by other energy goods. The decrease in crude oil use reduces the production of petroleum and coal products, an important factor of production in Japan. As a result, in the GTAP-E model, the reduction in production becomes more serious than in the GTAP model, which does not have a structure for substitution between energy goods. In addition, the reduction in production will affect exports.
With regard to the simulation results for the percentage change in real GDP in 3 The simulation results for the percentage change in Japan's "qiwreg" (index for macro-level imports) are 0.0% for the GTAP model and -1.25% for the GTAP-E model. "Qiwreg" is based on the cost, insurance, and freight (CIF) price, which does not reflect the change caused by the change in "ams." On the other hand, the simulation results of "qim" (imports by industry) described in Section 5.6 are based on the market price, which does reflect the change caused by the change in "ams." Because the change in price caused by the change in "ams" is important in this study, and the "qiw" simulation results by industry are not shown in the values, the results of imports will be analyzed in Section 5.6. Apart from crude oil, the results of the Japanese "piw" (world price of composite imports) and "pim" (market price of composite imports) are the same. 4 With regard to exports, "qxw" (aggregate exports, FOB weights) is used for both the macro-level and industry analyses. The sums of the Japanese "qxw" and "qxwreg" are almost the same. other regions, real GDP increases slightly in regions that include energy exporters, such as AEEX (ASEAN Net Energy Exporters) and EEFSU (Eastern Europe and FSU). GTAP-E models, shown in percentages and million USD, respectively. The results of both models show the same tendency, although the negative impacts are stronger in the GTAP-E model. Among all sectors, the reduction rate is especially large in Oil_Pcts (petroleum and coal products), attaining -7.3% in the GTAP model and -11.0% in the GTAP-E model. 5 The largest change in terms of millions USD is again observed in Oil_Pcts. The decrease in this sector attains USD 21.1 billion according to the GTAP model, and USD 31.7 billion according to the GTAP-E model. After
Oil_Pcts, the construction sector is the most severely affected by the decrease in crude oil imports in Japan. The industrial output of the construction sector decreases by 2.6% according to the GTAP model, and by 3.3% according to the GTAP-E model.
Because the capital stock in Japan is not damaged in this scenario, Japanese industrial sectors would try to use their production capacity. As a result, industrial outputs increase in some sectors. Because of the crude oil supply shortage, the use of other primary energy goods, such as coal and gas, would increase. In non-energy-intensive industries, such as OTN (transport equipment nec), ELE (electronic equipment), and OME (machinery and equipment nec), the positive percentage change is relatively high. When the changes are evaluated in terms of millions USD, the greatest increases are shown in OME, which attains USD 26 billion according to the GTAP model, and USD 20.5 billion according to the GTAP-E model.
With regard to the overall balance of industrial output, the simulation result of the GTAP model, in which the negative effect is less than that of the GTAP-E model, becomes slightly positive. On the other hand, in the simulation result of the GTAP-E model, the negative impacts surpass the positive impacts, and the overall balance of industrial output becomes negative.
Figures 5-1 and 5-2 also show the simulation results of the qo ("cgds", r), the output of the capital goods sector, which is equal to qcgds(r), a variable denoting gross investment. The negative effect in the simulation results of gross investment is noteworthy. It decreases by 3.3% according to the GTAP model, and by 4.1% according to the GTAP-E model, while the sign is positive in all other regions. With regard to energy goods, the decrease in the GTAP-E model is less serious than that in the GTAP model, because the increase in the price of energy goods is higher in the GTAP model. Though there is little difference in the change in non-energy goods between the two models, the change in total private consumption becomes more negative in the GTAP model, owing to the decrease in energy commodities. Though both models show similar results in terms of the supply price of non-energy goods, those concerning energy goods, especially crude oil, show a marked difference. The crude oil price increases by 14% according to the GTAP model. However, in the GTAP-E model, owing to the substitution structure in the capital-energy composite and in the energy composite, the increase is about 5%, which is less than that in the GTAP model. Furthermore, for petroleum and coal products, there is a clear difference in the supply price in the results of the two models. 
Static analysis of changes in Japanese exports
Figure 5-6 6 shows the simulation results of changes in Japan's exports owing to a 25% decrease in crude oil imports from the Middle East for both models (in percentages). As we have already seen, the results of both models with regard to industrial output in each sector show similar tendencies, although the negative impacts are stronger in the GTAP-E model. With regard to exports, the results of both models are similar in almost all industries, although the positive change in the GTAP model is slightly larger than that in the GTAP-E model, with the exception of petroleum and coal products. Because industrial outputs decrease in the GTAP model by less than they do in the GTAP-E model, petroleum and coal products are used more domestically than they are in the GTAP-E model. Therefore, exports of petroleum and coal products would decrease by more in the GTAP model than they would in the GTAP-E model. In both models, exports increase in non-energy-intensive goods, such as MVH (motor vehicles and parts), ELE (electronic equipment), and OME (machinery and equipment nec), in which industrial output tends to increase. In Figure 5 -6, the results of the crude oil and gas sectors are not shown because they show greater changes than the other sectors do: crude oil exports decrease by 67.6% according to the GTAP model, and by 36.6% according to the GTAP-E model. Gas exports increase by 77.5% according to the GTAP model, and by 61.7% according to the GTAP-E model. However, the values of crude oil and gas exports are nearly zero. Figure 5-7 Impacts on Japan's exports by static analysis caused by a 25% decrease in Japan's crude oil imports from the Middle East (millions, USD) Source: Author.
Static analysis of changes in Japanese imports
Figure 5-8 shows the simulation results of changes in Japan's imports (market price weights) caused by a 25% decrease in Japan's crude oil imports from the Middle East, simulated by the GTAP and the GTAP-E models (in percentages). The difference between the simulation results of the GTAP model and the GTAP-E model is clear for energy goods, especially crude oil. When crude oil imports from the Middle East decrease according to the GTAP model, which does not have a structure for substitution between energy goods, Japan would try to increase its crude oil imports from other regions in order to secure its crude oil supply. However, according to the GTAP-E model, in which energy goods are treated as factors of production and there is a structure for substitution between energy goods, the substitution effects between crude oil and other energy goods take effect. Reflecting this difference in the structure of energy goods, the imports of crude oil decrease by more in the GTAP-E model than they do in the GTAP model.
When crude oil imports from the Middle East decrease, Japan would also try to increase its imports of petroleum and coal products, which use crude oil as feedstock. 7 However, in the GTAP-E model, which incorporates a substitution structure in the capital-energy composite and in the energy composite, imports of petroleum and coal products would not increase by as much as they do in the GTAP model. 7 An increase in the imports of petroleum and coal products includes those from the Middle East. for the GTAP model, and -1.19% for the GTAP-E model. The difference between these results is a little larger than that of the static analysis, and becomes clearer with regard to exports. The percentage change in Japan's exports is almost 0.9% for the GTAP model and -0.6% for the GTAP-E model. 8
The simulation results for the percentage change in real GDP in other regions in the GTAP model are all positive, and increase by more than they do in other regions when energy exporters are included, such as AEEx (ASEAN Net Energy Exporters), EEFSU (Eastern Europe and FSU), MEC (Middle East), and AFR (Africa). In the results of the GTAP-E model, the negative effect on the Japanese real GDP increases, and in some regions, the sign of the percentage change of real GDP becomes negative because it is affected by the change in Japanese trade. 
Changes in Japanese industrial output with capital accumulation effects
Figures 6-1 and 6-2 show the impacts on Japan's industrial output owing to a 25% decrease in crude oil imports from the Middle East, simulated by the GTAP and
GTAP-E models, in percentages and in millions USD, respectively, and incorporating capital accumulation effects. The results show similar tendencies, although the negative impacts are stronger in the GTAP-E model.
Compared with the simulation results of the static analysis, the impact of the decrease in crude oil imports becomes more serious when capital accumulation effects are included. The reduction rate is especially large in the petroleum and coal products sector: -7.8% according to the GTAP model, and -11.3% according to the GTAP-E model. 9 Although these changes are almost as large as those in the static analysis are, the impacts become more negative for non-energy goods (i.e., agriculture, manufacturing, and service sectors). With regard to the total balance of industrial output, the results of the GTAP model, in which the negative effect is less than that in the GTAP-E model, show a decrease of about USD 71 billion. In the GTAP-E model, the decrease is about USD 135 billion.
9 In Figure 6 -1, the result of the crude oil sector is not shown because it increases by more than 30% of the result of the GTAP-E model, although its industrial output is small. Total private consumption decreases by 1.1% in both models, and the negative impacts are slightly stronger in the GTAP-E model, in contrast to the results of the static analysis. Table 6 -3 shows the simulation results for Japan's private consumption of energy goods and non-energy goods. With regard to energy goods, the decrease in the simulation results of the GTAP-E model is less serious than that in the GTAP model, as in the case of the static analysis, because the price of energy goods increases by more in the GTAP model. However, the change in non-energy goods is more serious in the GTAP-E model than it is in the GTAP model. When capital accumulation effects are incorporated, the change in total private consumption becomes more negative in the GTAP-E model than it is in the GTAP model. Source: the author. GTAP-E model does not increase by as much, owing to the substitution structure in the capital-energy composite and in the energy composite, remaining at 5.2%, which is almost the same change shown in the static analysis. As in the case of the static analysis, the difference in the supply prices of petroleum and coal products in the two models is also clear. The price of petroleum and coal products increases by 12.4% in the GTAP model, and by 10.1% in the GTAP-E model.
Changes in Japanese exports with capital accumulation effects
Figure 6-6 10 shows the simulation results with regard to changes in Japanese exports, incorporating capital accumulation effects, and evaluated as percentages.
As we have already seen in the results of the static analysis, the differences in the results for exports are relatively small in both models and in almost all industries, with the exception of petroleum and coal products. Because industrial outputs decrease by less in the GTAP model than they do in the GTAP-E model, and because petroleum and coal products are used more domestically in the GTAP model, exports in this sector decrease by more in the GTAP model than they do in the GTAP-E model.
In both models, exports increase in the non-energy-intensive sectors, such as MVH (motor vehicles and parts), ELE (electronic equipment), and OME (machinery and equipment nec). Because the negative impacts in other sectors are stronger in the analysis incorporating capital accumulation effects, the total percentage change is smaller than that in the static analysis in both models. Thus, total exports becomes positive in the GTAP model. On the other hand, in the GTAP-E model, the decreases in petroleum and coal products and in energy-intensive goods are greater than the increase in non-energy-intensive goods and services. Thus, total exports becomes negative. 10 In Figure 6 -6, the results of the crude oil and gas sectors are not shown because they change significantly compared with the results in the other sectors. Crude oil exports decrease by 67.2% in the GTAP model, and by 37.8% in the GTAP-E model. The percentage change of gas exports is much less than that in the static analysis, increasing by 26.2% in the GTAP model, and by 10.2% in the GTAP-E model. However, the values of crude oil and gas exports are nearly zero. 6.6. Changes in Japanese imports with capital accumulation effects Figure 6 -8 shows the changes in Japan's imports (market price weights), incorporating capital accumulation effects, evaluated as percentages.
As in the case of the static analysis, the difference between the simulation results of the GTAP model and the GTAP-E model is shown clearly in energy goods. In the GTAP model, which does not have a structure for substitution between energy goods, Japan would try to increase its crude oil imports from other regions to secure its crude oil supply. In the GTAP-E model, which does have a structure for substitution between energy goods, the substitution between crude oil and other energy goods takes effect, and imports decrease by more than they do in the case of the GTAP model. Reflecting this difference in the structure of energy goods, imports of energy goods decrease by far more in the GTAP-E model than they do in the GTAP model.
When crude oil imports decrease, Japan would try to increase its imports of petroleum and coal products, which use crude oil as feedstock, including petroleum and coal products from the Middle East. However, in the GTAP-E model, which incorporates the substitution structure in the capital-energy composite and in the energy composite, Japan would not try to increase its imports of petroleum and coal products by as much as it would in the GTAP model. When capital accumulation effects are incorporated, industrial outputs decrease by more than they do in the static model, as does the use of petroleum and coal products.
Figure 6-9 shows the simulation results of changes in Japan's imports, incorporating capital accumulation effects, and evaluated in millions USD. In both models, total imports decrease by a little less than they do in the static model.
Because industrial outputs decrease by more than they do in the static model, Japan would depend more on imports. Figure 6-9 Impacts on Japan's imports, with capital accumulation effects, caused by a 25% decrease in Japan's crude oil imports from the Middle East (millions, USD)
Source: Author.
Conclusion
This study analyzed the impact of a decrease in Japan's crude oil imports from the Middle East on the Japanese economy using the GTAP and GTAP-E models, as well as a static analysis and an analysis incorporating capital accumulation effects.
In the static analysis, the change in real GDP is -0.53% for the GTAP model and -0.59% for the GTAP-E model. The simulation results indicate that although the difference between the results of the two models in terms of real GDP is relatively small, the simulation results by industry and by commodity (especially for energy goods) show rather different tendencies.
The reason for this difference between the two models can be attributed to the difference in their production structures, where the GTAP-E model includes a structure for energy substitution. In the GTAP-E model, with its production structure in which crude oil can be substituted by other energy goods, when crude oil imports from the Middle East decrease, Japan would try to increase its crude oil imports from other regions, but by less than in the case of the GTAP model. Thus, the decrease in the production of petroleum and coal products, for which crude oil is important as feedstock, becomes more serious than in the GTAP model. This, in turn, causes a more serious decrease in industrial outputs than it does in the case of GTAP model.
The GTAP model, which does not have a structure for substitution between energy goods, treats energy goods as intermediate goods (i.e., as feedstock).
Therefore, when the crude oil imports from the Middle East decrease, Japan will increase its imports of crude oil from other regions in the GTAP model, and the production of petroleum and coal products will decrease by less than it does in the GTAP-E model. The difference in the decrease of production of petroleum and coal products, which are important factors of production, affects the simulation results of both models.
When capital accumulation effects are incorporated, the difference between the results of the two models becomes a little larger and clearer than in the case of the static analysis. This difference is mainly because of the difference in the production structures of the two models.
In general, the GTAP-E model is suitable for analyzing energy goods because of its production structure of substitution between capital and energy goods and between energy goods themselves. However, when energy goods are used mainly as feedstock, the simulation results of the GTAP model, which treats energy goods as intermediate inputs only, present results that are more realistic. In Japan, 94% of crude oil is used in petroleum and coal products and 6% is used for electricity. Thus, it would be better to use the GTAP model to analyze the impact of a decrease in crude oil imports on the Japanese economy, while referring to the results of the GTAP-E model, which treats energy goods as factors of production.
